The potential for commonly infused drug solutions to support or inhibit microbial growth was explored in this study. Drugs examined were midazolam HCl, morphine sulphate, fentanyl citrate, pethidine HCl, bupivacaine HCl, atracurium besylate, vecuronium bromide, adrenaline, dopamine, dobutamine, noradrenaline, isoprenaline, glyceryl trinitrate, sodium nitroprusside and propofol. All drugs were studied in both diluted and undiluted forms. Of the 15 medications investigated, all except propofol were found to be bactericidal and to reduce fungal growth.
Infusion pump technology has improved to an extent where infusions are now reliable, accessible and are a widely accepted form of administering various medications. Intravenous and epidural infusions are used on a daily basis in the intensive care and ward setting. As a result, drug solutions may remain unchanged (e.g. in a syringe driver) over a twelve-hour period or longer. A number of studies have highlighted the potential for bacterial contamination of infusions during preparation [1] [2] [3] [4] [5] [6] . More significant is the recent description of a number of patients requiring intensive care treatment following septicaemia traceable to contaminated intravenous anaesthetic agents 6, 7 . The purpose of this study was to explore the possibility that infusion solutions may be able to support, potentiate or reduce bacterial and fungal growth. The effect that diluting drugs with normal saline or 5% dextrose had on microbial growth was also examined.
METHOD
Fifteen drugs were investigated. Each drug was tested as its undiluted form and then as diluted in saline or 5% dextrose (where appropriate). Five com-mon nosocomial isolates (American type culture collection (ATCC) strains) and one clinical yeast strain were inoculated into equal volumes of each solution. Each day of the study, a thioglycolate broth was also inoculated to ensure the organisms were viable and to determine the growth rate at room temperature (22±1.0°C).
The following pharmaceutical preparations were examined: • midazolam HCl (Roche)-as supplied 10 mg/ml; 1 mg/ml in normal saline; 1 mg/ml in 5% dextrose • morphine sulphate (David Bull Laboratories)-as supplied 10 mg/ml; 1 mg/ml in normal saline; 1 mg/ml in 5% dextrose • fentanyl citrate (Astra)-as supplied 50 µg/ml; 10 µg/ml in normal saline; 10 µg/ml in 5% dextrose • pethidine HCl (Sigma)-as supplied 50 mg/ml; 10 mg/ml in normal saline; 10 mg/ml in 5% dextrose • bupivacaine HCl (Astra)-as supplied 0.5%; as supplied 0.25%; 0.1% in normal saline. After review of the literature 7-9 , the following protocol was followed.
Each isolate was grown overnight on sheep blood agar (SBA) with Tryptic Soy Base (Microdiagnostics, Brisbane) and an 0.5 McFarland standard suspension was prepared in sterile, distilled water. A 1.0 µl aliquot of a 1/100 dilution of each suspension was inoculated on to a fresh SBA plate, grown overnight and the colony count was determined to ascertain the initial inocula. 1.0 µl of each suspension was inoculated into 1 ml aliquots of each above drug solution and a thioglyocolate control growth.
Each medication/thioglycolate growth was incubated at room temperature (22±1.0°C) for 48-72 hours. A 1.0 µl aliquot was plated from each broth on to an SBA at 4, 24, 28, 48 hours, incubated at 37°C overnight (12 hours) and the colony forming units (CFU) counted.
The drug solutions were prepared by an anaesthetic registrar using sterile syringes and drawing up needles on a clean surface. The microbiology work was performed by two experienced laboratory technicians.
RESULTS
Propofol proved to be an excellent culture medium for the first three bacteria (T1-T3) and C. albicans. However, for the P. aerogenisoa and, to a lesser extent E. faecalis, there appeared to be an initial bactericidal effect. At the 48 hour point, the number of colony forming units for both organisms were increasing again (Figure 1) .
All other medications studied were found to be bactericidal over a 24 hour period, as were their diluted forms (both in saline and dextrose). The bactericidal effect was slowed by dilution, but there was no significant difference between the rate of bacterial death in dextrose or saline dilutions. Interestingly, Staphylococcus aureus ATCC 29213 increased in number before declining in all of the opioid solutions (Figure 2 ), except fentanyl in normal saline and neat pethidine. Escherichia coli had a similar initial increase in growth before reduction in the neat fentanyl solution only. Candida counts decreased in all solutions. Again, there was no significant difference in the rates of reduction between the groups.
DISCUSSION
Infusions are used on a daily basis in the intensive care setting. Depending on the rate of administration, pharmaceutical solutions may remain in a syringe, unchanged, for up to 24 hours. Several studies have demonstrated contamination of various medications whilst being prepared or whilst in use 1-5 . Zacher et al showed bacterial contamination of the contents of glass ampoules upon opening to be a frequent occurrence 2 . Others have demonstrated bacterial growth in propofol when it was prepared after handwashing only 1 . Yet another study showed a surprisingly high prevalence (11%) of in-use infusion contamination 3 .
Saline has been demonstrated to be bactericidal in past studies 11, 15 , but no similar research for 5% dextrose was found. Our findings indicate that dilution of drugs with either saline or 5% dextrose had little effect on their bactericidal action. Thus it makes little difference from this perspective which diluent is used.
It is well-known that propofol is an excellent culture medium for bacteria and fungi [10] [11] [12] [13] . Our study confirmed this finding for all of the tested organisms except Pseudomonas aeruginosa and, to a lesser extent, Enterococcus faecalis (Figure 1 ). These two findings are not in accord with previous studies of microbial growth in propofol 11, 14 .
The importance of careful preparation when using pharmaceutical solutions is obvious. The results of our study are reassuring as they indicate that if the tested solutions become contaminated, even after cautious preparation, they will not support bacterial or fungal growth over the time period recorded.
